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METHOD FOR PREPARATION OF POLYDICARBOXYSACCHARIDES, AND SUBSTITUTES FOR PHOS- 
PHATES IN DETERGENTS, BASED ON THE POLYDICARBOXYSACCHARIDES 



The invention relates to a method for the preparation of polydicarboxysaccharides by oxidation of 
polysaccharides with a hypohalite. 

From a technical standpoint, phosphates are the most suitable as calcium-binding agents ("builders") in 
detergents. However, because of the eutrophication of surface waters, the use of phosphates is increasingly 

5 less desirable. There is therefore a need for agents to replace phosphates. Such agents must, firstly, be 
able to bind calcium well and, in addition, be biodegradable, readily soluble in water, have no adverse 
influence on the action of the detergent and be non-toxic and also inexpensive. Many agents have already 
been investigated, but only a few, such as nitrilotriacetate. zeolites and poiycarboxylates, meet the 
abovementioned requirements to an extent which renders them also usable in practice. However, doubts are 

io still being expressed as to the safety of nitrilotriacetate. Zeolites, poiycarboxylates and nitrilotriacetate are 
not degradable, or are degradable to an inadequate extent, and, moreover, zeolites have the disadvantage 
that they form usable "builders" only in combination with other agents. 

Oxidised carbohydrates have also been proposed as substitutes for phosphates. Polydicarboxysac- 
charides in particular have suitable characteristics for this purpose. These compounds can be obtained by 

75 oxidation of carbohydrates, such as cellulose and starch and polysaccharides derived therefrom, with, for 
example, periodic acid, hydrogen peroxide or sodium hypochlorite. During this oxidation, the two vicinal 
hydroxyl functions in the cyclic hexose unit (for example glucose) of the polysaccharide are converted into 
two.carboxyl functions, with ring opening. Methods of this type have been disclosed, for example, in 
Netherlands Patent Application 70.12380 and in M. Diamantoglou et aL, Tenside Detergents 14, 250-256 

20 (1977) and M.S. Nieuwenhuizen et aL, Starch/Starke 37, 192-200 (1985). ~~ 

However, the known methods for the oxidation of polysaccharides have a number of disadvantages. The 
use of periodic acid is fairly expensive because of the necessary regeneration of the periodic acid and is 
also laborious because the polysaccharide dialdehyde formed with periodic acid as an intermediate has to 
be further oxidised to the dicarboxylic acid using other agents, such as chlorite or hypochlorite. Hydrogen 

25 peroxide is also a relatively expensive oxidising agent and, moreover, makes the use of a catalyst, such as 
a tungsten compound, desirable for a sufficiently effective conversion. Furthermore, the reaction with 
hydrogen peroxide is not very specific, so that the 6-hydroxymethyl group is also oxidised to some extent, 
and depolymerisation (chain shortening) taxes place. 

Hypochlorite is a relatively inexpensive oxidising agent and leads to the desired dicarboxy product in 

30 one step. However, with the known methods the yield from the oxidation with hypochlorite is fairly low and 
incomplete oxidation and, additionally, depolymerisation occur. In the known conversions, an approximately 
three-fold excess of hypochlorite is used, which is a disadvantage economically and ecologically. Further- 
more, the calcium-binding power of the product obtained is inadequate and the product has an unattractive 
yellow colour. 

35 A method has now been found for the oxidation of carbohydrates using hypohalite as oxidising agent, 
which method leads, with a lower consumption of oxidising agent, in a shorter reaction time to a higher 
yield of dicarboxy product, which product has a high calcium-binding and magnesium-binding power and a 
white colour. 

The method according to the invention is, for this purpose, characterized in that the polysaccharide is 
40 oxidised in the presence of hypobromite and/or hypoiodite and a low oxidising agent concentration is 
maintained during the oxidation. 

With the method according to the invention high yields of about 75-80% are obtained, while only 65- 
70% is achievable with the known hypochlorite oxidation. Furthermore, the reaction time is shortened. The 
amount of oxidising agent required is, moreover, appreciably lower than in the case of the known methods: 
45 according to the invention less than 1.2 times the theoretical amount is used, compared with about 1.5-3 
times this amount accordin g to the prior a rt. 

The oxidation of polysaccharides according to the invention can be carried out using hypobromite or 
hypoiodite as such, which is preferably supplied in the form of salt, for example as sodium hypobromite or 
potassium hypoiodite, but may also in part be supplied in acid form. In the text which follows, for reasons of 
50 clarity, mention is made only of hypobromite, bromine, bromide etc., but the same also applies in principl 
for hypoiodite, iodine, iodide etc. 

Preferably, the hypobromite is prepared in the reaction medium, for example by oxidation of a suitable 
bromine compound or by disproportionation of bromine to bromide and hypobromite. Since, in principle, 
bromide is recycled on th oxidation of the polysaccharide by hypobromite, a smaller, for xample catalytic, 
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amount of bromide in the reaction mixture can then suffice. 

A particularly advantageous manner of in situ preparation of hypobromite is oxidation of a bromide, for 
example sodium bromide, by electrochemical means, that is to say by withdrawal of electrons. This can be 
carried out, for example, by passing an electrical current for some time through a solution of the 
polysaccharide, bromide and, if appropriate, a base in an electrochemical cell which is known per se. By 
means of a suitable choice of electrical voltage and/or electrolyte concentration it can be ensured that the 
concentration of the oxidising agent remains low. 

Furthermore, it has been found that hypobromite can be produced in a suitable concentration in the 
reaction medium by oxidation of bromide with chlorine-containing oxidising agents, such as chlorine, 
hypochlorite, chlorite, etc., in particular hypochlorite. 

With this method, the concentration of oxidising agent is kept low, for example by adding the 
hypochlorite solution slowly dropwise to the reaction mixture or by passing chlorine gas slowly through the 
reaction mixture. 

The use of bromide as catalyst in hypochlorite reactions Is known per se, for example from J. Potze 
and P. Hiemstra, Die Starke, 15, 217-225 (1963). However, in this publication only a partial oxidation of 
starch in order to increase the adhesiveness is described, and not the conversion to polydicarboxysac- 
charides. Furthermore, It is known that amylopectin can be oxidised with hypobromite with splitting of th 
C2-C3 bond of the glucose units (W.M. Doane and RX. Whistler, Die Starke. 16. 177-180, 1964 ). According 
to this publication, the oxidation proceeds more rapidly than that with hypochlorite, but a yield of dicarboxy 
product is not given; even with an amount of 3 moles of hypobromite per mol of glucose unit not all the 
glucose is oxidised. According to M. Floor et al., Starch/Starke 41, 348-354 (1989), the presence of bromide 
ions has no accelerating action worthy of note on the oxidation of starch with sodium hypochlorite, and a 
catalytic amount of bromide lowers the yield of dicarboxy starch appreciably (from 86 to 47%). Processes 
for degrading starch using hypochlorite and bromide are also known from Dutch Patent 43493 and German 
Patent Application 1594891. It cannot be deduced from these publications that the oxidation of polysac- 
charides by the use of catalytic amounts of bromide at a low oxidising agent concentration would be 
accompanied by a higher yield and a lower hypochlorite consumption. 

A catalytic amount of bromide is understood to be an amount of less than, for example, 20% of 
bromide in equivalents relative to the oxidation equivalents required for completely oxidising the polysac- 
charide to polydicarboxysaccharide. A larger amount is not harmful, but has no additional advantages 
worthy of note. Preferably, 0.5-10 equivalents of bromide are used for every 100 oxidation equivalents that 
are theoretically required. 

The bromide used can in principle be any bromide-containing salt. For reasons of cost, sodium bromide 
is preferred. In the case of the oxidation with hypochlorite, the bromide can preferably be added to the 
polysaccharide but may optionally also be added to the hypochlorite. 

In principle, three molecules of hypohalite per monosaccharide unit are required for the oxidation of C 2 - 
C 3 hydroxy groups of polysaccharides, in accordance with the empirical equation (in which X represents 
halogen): 



The oxidation can be carried out in a conventional manner, i.e. preferably at a temperature of between 
10 and 25 *C, a pH of 7-11 and with slow addition of the oxidising agent, such as hypochlorite (usually 
dissolved in water), to the polysaccharide. 

Alternatively, the temperature can be raised during the reaction in order to achieve a suitable reaction 
time and degree of conversion. It was found that the result of the oxidation reaction is improved when a 
reaction temperature of at least 35* C, preferably at least 40' C, is used for at least a part of the reaction 
time. The reaction can then be started at ambient temperature and can be increased after some time, for 
example after three hours. A temperature increase in the course of the reaction appears to have a 
favourable effect on the calcium-binding properties of the product. An increased temperature, for example 
35-40° C. can also be maintained during the entire reaction, by using an appropriate rate of addition of the 
oxidising agent. 

The reaction mixture is usually work d up by concentration and separation, for example by adding 
methanol and filtering off the precipitate form d. The salts can also be separated off by dialysis or 
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ultrafiltration, after which the product is obtained by evaporation and, if necessary, purification. The reaction 
mixture can, however, also be concentrated in its entirety, followed by freeze-drylng, spray-drying or a 
similar procedure. The product then still 1 contains salts, such as, for example, sodium chloride or sodium 
bromide, but this does not have an adverse influence on the calcium-binding properties, so that a virtually 

5 equivalent calcium-binding agent can be obtained at lower production costs in this way. 

A yellow coloration of the product can be avoided if the pH is kept between 7 and 11 and preferably 
between 7.5 and 9 during the reaction and below 9 during working up. In the case of oxidation with 
hypochlorite, this can be achieved by adding the hypochlorite slowly, for example in portions over several 
hours. By this means the rise in pH as a consequence of the addition of the (basic) hypochlorite solution 

70 wholly or partially compensates for the fall in pH which is the result of the oxidation reaction (hypochlorite is 
converted to less basic chloride and alcohol functions to more acid carboxyl groups). Too sharp a rise in 
the pH during working up is countered by adding acid, for example at a pH of 8.5-9. A lower pH, for 
example 4-5, can also be chosen during working up. 

The term polydicarboxysaccharide or dicarboxypolysaccharide is here understood to denote a polysac- 

75 charide in which a large proportion of the C2-C3 diol functions have been converted, with ring opening, into 
two carboxyi groups in each case. Insofar as the polysaccharide consists of glucose units, 2-carboxy-1- 
hydroxymethylethyleneoxy-carboxymethyleneoxy units are thus formed. However, for the product to be able 
to be used as a calcium-binding agent it is not essential that all monosaccharide units have been converted 
in this way. Therefore, for the purposes of the invention, polysaccharides in which a small proportion of the 

20 monosaccharide units have not been converted or have been converted into a C2-C3-dialdehyde derivative 
and/or into a 6-carboxy derivative, or converted in some other way, also fall under the term polydicarbox- 
ysaccharide. The method according to the invention yields polydicarboxysaccharides which have a high 
content of approximately 75% or more of C2-C3-dicarboxy monosaccharide units. Incidentally, the term 
comprises both the acids themselves and the sodium salts and other salts thereof. 

25 In principle, all sorts of polysaccharides can be converted into good calcium-binding and magnesium- 
binding polydicarboxysaccharides by the present method. Preferably, the polysaccharide is a polysaccha- 
ride containing anhydroglucose units (glucan). Examples are starch from any suitable source, such as, for 
example, wheat, maize, potatoes etc., and starch fractions, such as arnylose and amylopectin, cellulose and 
cellulose fractions and derivatives and partial hydrolysis products of such carbohydrates, such as maltodex- 

30 trins, amylosedextrins etc. It has been found that amylosedextrins, i.e. straight-chain dextrins which are 
obtained by enzymatic hydrolysis from the amylopectin fractions of starch and have a constant composition 
with a degree of polymerization (DP) of 15-50 glucose units, are very suitable as starting material for the 
method according to the invention. Maltodextrins also possess the desired properties after oxidation; the 
advantage of maltodextrins is that these are relatively inexpensive, as enzymatic conversion is not required. 

35 According to an advantageous embodiment of the method according to the invention, a polysaccharide 
is used which has been oxidised to a slight extent before a partial hydrolysis. By means of such a pre- 
oxidation, the solubility of the polysaccharide in the medium, in particular in water, is Increased, so that the 
partial hydrolysis and the oxidation with hypobromite can take place in more concentrated solution and 
more cleanly. A polysaccharide of this type oxidised to a slight extent is known per se, for example as 

40 "oxystarch". For this purpose, a solution or suspension of the polysaccharide, for example arnylose, is 
oxidised with a small amount of oxidising agent, preferably 1-10 mol % of hypochlorite, if necessary at 
elevated temperature; the more readily soluble polysaccharide thus obtained is then hydrolysed until the 
average chain length has fallen to preferably 10-100, after which the polysaccharide is further oxidised in 
the presence of hypobromite, as explained above. Intermediate hydrolysis may not be necessary when the 

45 chain length has already decreased sufficiently during the pre-oxidation; this is especially the case when the 
pre-oxidation is carried out at increased temperature. A lower chain length will result in a better biodeg- 
radability, but also in a lower calcium complexing capacity. Thus by selecting the appropriate conditions 
during oxidation, a product having the desired properties can be obtained by using the method according to 
the invention. 

50 The polydicarboxysaccharides obtained using the method according to the invention have outstanding 
calcium-binding and magnesium-binding properties, are readily biodegradable, can be prepared relatively 
inexpensively and in other respects also meet the requirements as calcium-sequestering agents ("builders") 
for detergents. 

The calcium-binding power can be expressed as the complex constant K (see M.S. Nieuwenhuizen et 
55 al. Starch/St&rke 37, 192-200 (1985)). For th known polydicarboxysaccharid s obtained by oxidation with 
periodate/chlorite, this constant is at best of the order of 10,000 (log K = 3.8-4.1), and for the known 
polydicarboxysaccharides obtained by hypochlorite oxidation it is at most about 1000 (log K = 3) in the 
case of maltodextrin and 6000 (log K = 3.8) in the case of arnylose. The products from the pres nt method 
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have a log K of the order of 3.7-3.8, thus a factor 5 to 6 better' than the known products obtained from 
maltodextrin and hypochlorite and virtually equally as good as the best, but more expensive, polydicarbox- 
yamy loses. 

Another parameter for expressing the calcium-binding power of polymeric materials, which is more 
reliable, is the intrinsic complex constant K, m , whereby K = Z/{[Ca](1-Z)} = K^e 1 *. Z is the metal 
coordinated fraction of the polymer sites and c is a ploymer constant Conversion gives log K lnt = pCa + 
log Z/(1-Z)-aZ, wherein a = clog e (see M. Floor, A.P.G. Kieboom and H. van Bekkum, Starch/Starke 41, 
348 (1989)). The known, partially oxidised polysaccharides have a log in the range of 5.5-6. The 
products of the present process have a log Kj n( between 6 and 8. 

The invention also relates to calcium-binding agents ("builders") which contain the polydicarboxysac- 
charides obtained in the manner described above. To further improve the calcium-binding properties, these 
agents can also contain other known "co-builders", such as phosphates, nitriiotriacetate and corresponding 
compounds such as ethylenediamine tetraacetate and oxydiacetate, and zeolites. In particular, the combina- 
tion with zeolites yields an outstanding builder for detergents. In a mixture of a polydicarboxysaccharide 
with a zeolite, a ratio of 10 : 1 to 1 : 2 can, for example, be used, depending on the intended use etc. 

The invention also relates to detergents which contain the abovementioned calcium-binding agents, or 
the polydicarboxysaccharides obtained in the manner described above, in effective amounts. 

20 Example I 

7.1 g of amylosedextrin (prepared by enzymatic hydrolysis of waxy maize) were dissolved in 150 ml of 
hot water. After cooling, 0.3 g of NaBr was added and the pH was adjusted to a value of about 9. At 5 
minute intervals, 2 ml of an NaOCI solution which contained 0.10 g of active chlorine per ml were added. 

25 On each addition a yellow coloration appeared probably resulting from an intermediate oxidation product 
which coloration disappeared again in the course of the 5 minutes. Furthermore, the pH rose immediately 
after the addition of the hypochlorite solution, followed by a fall as a consequence of the oxidation reaction. 
During the reaction the pH was maintained at a value of 7.5-9, firstly by addition of the hypochlorite solution 
and then by addition of alkali. At the end of the reaction (made discernible by the fact that the pH no longer 

30 fell and NaOCI remained present) 55 ml of NaOCI solution were found to have been consumed. 

The solution was concentrated to 50 ml and then poured into 200 ml of methanol. The white precipitate 
was filtered off and dried under reduced pressure. The yield was 9.1 g (approximately 80% of theory). The 
NaOCI consumption was found to have been 112% of the theoretically required amount 

The 13 C NMR spectrum of the product agrees with the expected structure of the dicarboxyamylosedex- 

35 trin and with the spectra of the substances obtained by Van Nieuwenhuizen et al. (Starch/Starke 37, 192- 
200 (1985)). 

The calcium-binding power was then determined using an electrode selective for calcium ions. 10Q-200 
mg of the polydicarboxysaccharide were added to 100 ml of water with [Ca 2 *] = 1.42 mM and the resulting 
[Ca 2 *] was measured. This gives a log K of 3.7. 

40 

Comparison example 

The above example was repeated except that sodium bromide was not added. The fall in the pH aa 
45 consequence of the oxidation reaction took place more slowly by a factor of about 3. Starting from 3.8 g of 
amylosedextrin in 100 ml of water, 4.1 g of white product were obtained (73% of theory). The 13 C NMR 
spectrum of the substance agreed with that according to the above example. 172% of the theoretically 
required amount of hypochlorite were found to have been consumed. The calcium-binding power of the 
product corresponded to a log K of 3.6. 



Example II 



65 Preparation of dicarboxymaltodextrins 



500 g of wheat starch (Excelsior F, solids content 87.7%) were dissolved in 5 litres of water 
(demineraiised, approximately 10" 6 M Ca 2+ ) at 160° C. After cooling to 100 'C, 1 N hydrochloric acid was 
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added to this solution, with stirring, until a final concentration of 0.01 N was reached. The starch was then 
hydrolysed for several hours at 100° C. The reaction time in this example was 3 hours. 

The reaction was stopped by neutralising with 1 N NaOH (to pH 5-7). On the grounds of the reducing 
power and of the HPL chromatogram, the average chain length (DP) was estimated to be 85 glucose units. 

s After cooling to about 40* C, 3.3 g of NaBr were added to the hydrolysis product and the pH was 
adjusted to 9 with sodium hydroxide solution. The reaction vessel was protected against light using 
aluminium foil. Sodium hypochlorite solution (10% chlorine, checked titrimetrically with thiosulphate) was 
then added dropwise, with stirring. Initially, the rate of addition was about 0.5 ml per minute. The 
temperature of the reaction mixture was brought to about 25 °C in the course of one hour and this 

10 temperature was maintained. After about 15 minutes, the pH started to fall. The pH was kept at 9 by 
dropwise addition of a 5 N sodium hydroxide solution from a pH-stat (PHM 82 radiometer). The rate of 
addition of the hypochlorite was gradually increased to about 10 ml per minute after 2 hours. After 6 hours 
a total amount of 3 litres of hypochlorite solution had been added. After stirring overnight, the small excess 
of hypochlorite still present was removed with sodium sulphite. The hypochlorite consumption was found to 

75 be 1.55 mol per mol equivalent of starch, or 52% of the theoretical amount. The solution was neutralised to 
pH 7 and evaporated to about 25% of the original volume. After freeze-drying, a virtually white product in 
powder form was obtained. This product contained about 45% (w/w) salt, mainly sodium chloride. In order 
to remove this salt, the material was dialysed against tap water. After dialysis, the products were freeze- 
dried, by which means a white, fine powder was obtained. Yield before dialysis about 95%; yield after 

20 dialysis 350 g = 55% relative to the starting starch. 



Calcium-binding power 

25 The calcium-binding power of the oxidised starch hydrolysis product was determined with the aid of an 
ion-selective electrode (F 2112Ca, radiometer). Solutions containing 10" 3 -10~ G M Ca 2 *, which also contained 
0.003 M NaCl, were used for the calibration of this electrode. For the measurements, use was made of a 
calomel electrode (SCE, radiometer 401) as reference electrode. Below a concentration of 5.1 O^M the 
measurement with the ion-selective electrode is, according to the manufacturers specification, not entirely 

30 reliable. Nevertheless, it remains possible to measure lower concentrations (down to about lO^M) by 
extrapolation. The error is estimated to be ± 50% in this case. 

In the figure the calcium concentration is shown as a function of the iigand concentration of the 
desalinated product (o). The measurements on dicarboxy starch made by Diamantoglou (Tenside Deter- 
gents 14, 250 (1977)) are also included in the figure (□) for comparison. 

35 TaWe A gives the calculated complex constants for Ca 2 * with the desalinated product. For calculation of 
K, complex formation in accordance with the equation: -(COO"")* + Ca 2 * -> -(COO~)*Ca 2 * was assumed. 

Table A 



40 


Complex constants for Ca 2 + with 
dicarboxymaltodextrin according to this example as 
ligand (initial concentration 1.1 0~ 3 M). 




45 


Ca 2 + 


tM] 


concentration (mM) of 
dicarboxymaltodextrins 


K (NT 1 ) 




50 


1 

2.5 
7 
3 
1 


.10~ 3 
.10-* 

.10- 5 

.10" 5 

.10- 5 


0 

1.37 
3.31 
5.39 
7.49 


9,700 
11,000 
14,600 
30,000 






5 

2.5 
1 


.10-* 
.10-* 

.10"* 


9.60 
11.70 
16.0 


46,000 
74,000 
134,000 





55 



For comparison: the complex constants found by Van Nieuwenhuizen (Starch/Starke 37, 192 (1985)) are 
1000 NT 1 for dicarboxymaltodextrins prepared using NaOCI, 6000 M"* 1 for dicarboxyamyiose prepared 
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using NaOCI and 5000-11,000 M" 1 for dicarboxy starch prepared using HICU and NaCI0 2 . 

As the complex constant is dependent on the ligand concentration, the complexation apparently 
proceeds in a manner other than that assumed by Van Nieuwenhuizen. However, it is also possible that the 
method of measurement is responsible for this (Van Nieuwenhuizen measures at 0.1 M KCI and it is 
5 therefore possible that K + influences the measurement or the complexation). If measured under conditions 
according to Van Nieuwenhuizen, K is clearly lower 2500-4500 M~ 1 . 

Table B gives the concentration of calcium ions in tap water, as measured by ourselves after 
successive addition of zeolite and dicarboxymaltodextrin. The original calcium concentration was 10~ 3 M. 

70 Table B 



Calcium concentration (M) in tap water (10~3 M) after 
successive addition of zeolite (1g/l) and desalinated 
dicarboxymaltodextrin (1 g/l). 




Ca 2 * (M) 
with zeolite 


Ca 2 + (M) with 
dicarboxymaltodextrin and 
zeolite 


Example II 


2.1 0" 6 


5.1 0- 8 


Example II! 


2.10- 6 


5.10- 8 


Example IV 


2.1 0-* 


2.1 0" 7 



It can be seen from the table that it is possible to lower the Ca 2+ concentration in tap water to below 
10~ 6 M using desalinated dicarboxymaltodextrin in combination with zeolite. 

Measurements on product which has not been desalinated indicate that the calcium-binding power is 
approximately the same as that of the desalinated product. 

30 

Biodegradability 

According to tests (M89/395-MT-TNO), the dicarboxymaltodextrin obtained is " inherently biodeg- 
35 radable" to "readily biodegradable" (OECD terminology). 



Example HI 

Example II was repeated, the only difference being a hydrolysis time of 3.5 instead of 3 hours. The 
average chain length was estimated to be 50 glucose units. The results were in accordance with those of 
Example II, as is seen, inter alia, from the value for the calcium concentration in Table B. Yield: 310 g. 



45 Example IV 

Example II was repeated, the only difference being a hydrolysis time of 4.5 instead of 3 hoursThe 
average chain length of the product to be oxidised was estimated to be 25 glucose units. The calcium- 
binding power of the product was lower (Table B), but the other results were virtually identical. Yield: 300 g. 



Example V 



55 Electrochemical preparation of dicarboxy amylosedextrins 

The preparation of dicarboxyamylosedextrins was carried out in an electrochemical cell provided with a 
Luggin capillary tor measuring the reference voltage. 
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The electrodes used were: 

- Pt wire for the anode with a surface area of 15 cm 2 

- stainless steel for the cathode , 

- SCE (calomel) as reference electrode. 

5 4.5 g of amylosedextrins (from waxy maize) were dissolved in 100 ml of water at 100 C. After cooling 
to 40* C, 4.0 g of NaHC0 3 and 1.0 g of NaBr were added to the solution. Current was passed through this 
solution for 24 hours. At an anode potential of 1.5 V vs SCE, the initial current strength was 250 mA The 
temperature was brought to 20-25* C in the course of one hour and this temperature was maintained during 
the reaction. The current strength gradually fell to 180 mA. The charge consumption was about 19,000 C 

10 (theoretically 16,000 C is required). 

The product was isolated by, successively, evaporating the colourless solution to about 50 ml. pouring 
into methanol and. after one day, filtering off the precipitate formed. After washing with methanol, the 
product was dried under vacuum. The yield was 5.5 g (84%). Measurements of the calcium-binding power 
gave log K - 3.8. 

75 

Example VI 



20 Washing tests 

Washing powder compositions containing a dicarboxymaltodextrin according to Example II and zeolite 
in amounts corresponding to those in currently available detergents gave a calcium carbonate deposit of 
0.2% on test pieces of fabric washed 12 times. Known washing powders score 0.7% and liquid detergents 
25 0.1%. 

With regarding to discoloration, the detergent having the composition according to the invention is 
somewhat poorer than the known good washing powders, but better than the known good liquid detergents. 



30 Example VII 

10.5 g of amylosedextrin was dissolved in 100 ml of water of 90 *C wherein 500 mg of NaBr was 
dissolved. After cooling to 22* C, hypochlorite solution and 1 M NaOH were added in such a way as to 
maintain the pH between 9.0 and 9.5. After about 3 hours 50 ml of NaOCI solution and 40 ml of NaOH 
35 solution had been added. The reaction mixture was then gradually heated to 40* C, causing the reaction to 
be accelerated. The reaction was virtually complete after 4 hours. 110 ml of hypochlorite solution (= 10 g 
of chlorine) and 90 ml of hydroxide solution had been used. The mixture was worked up with methanol. The 
isolated yield of dicarboxy product was 8 g. K int as according to Floor et al (Starch/Starke 4± 348 (1989)) 
was 6.3. 

40 The biodegradation of the fully oxidised product was investigated by subjecting the product as the only 
nutrient source to several fungi and bacteria isolated from a sewage treatment plant. It was found that all the 
examined organisms grow on this nutrient medium, both at high temperature (about 20 C) and at low 
temperature (about 5* C). Typically, growth starts earlier with fungi than with bacteria. 

45 

Example VIII 

10 g of air-dried (= 9.0 g dry) wheat starch in 100 ml of water was oxidised in the manner of example 
VII. 100 ml of hypochlorite solution (= 9 g of chlorine) had been used after completion of the reaction. The 
50 yield was 8 g having a K^t of 6.7. The product was biodegradable according to the test of example VII. 



Example IX 

18.6 g of starch (= 162 g or 100 mmoi glucose equivalent) was suspend d in a mixture of 30 g ice, 30 
g water and 1.0 g of NaBr. 25 ml of NaOCI solution (2.4 g Ci 2 ) was added to the reaction mixture which was 
cooled by an ice/water bath. The pH was adjusted to 9.5 and this value was maintained by adding 4M 
NaOH solution (which was necessary within a few minutes). 
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The reaction rate decreased significantly after several hours, which was observed by the decrease rate 
of NaOH addition. Then, 25 ml of NaOCI solution was added, whereupon an increase of the reaction rate 
was observed in spite of the increased dilution. The addition was repeated 5 times within 6 hours, thus 
totalling the addition of NaOCI to 205 mmol. It appeared that all suspended starch^had disappeared after 4 

5 hours. The cooling was removed and the temperature of the reaction mixture (4-6* C) started increasing to 
about 22* C. After overnight stirring at roomtemperature, a total amount of 150 mmol of NaOH (about 75% 
of the theoretical amount) had been added, and the reaction appeared to be complete as judged by the rate 
of NaOH addition. However, the reaction proceeded further by increasing the temperature to 45 °C until a 
total of 200 mmol of NaOH had been added. The pH remained constant after that. The reaction mixture was 

10 worked up as usual. The product yield was 22.5 g (95%). The calcium binding power was 1.6 mmol Ca/g. 



Note: 

r5 The calcium binding power of the product of different batches run according to this example, with the 
temperature as a variable is: 
a: 0-5* C: 1.2-1 .6 mmol Ca/g 
b: 20-25* C: 0.8-1.2 mmol Ca/g 

The pH of the reaction mixture has a small effect: pH 9.5 and pH 10 give comparable results. At pH = 
20 9, the calcium binding power is lower by 10-20%. 

Thus, the temperature at which the reaction is started, Is of the greatest influence. An adverse effect is 
found when the reaction temperature is too high in the initial phase (> 35 C). 

In a larger scale experiment according to this example, 150 g of wheat starch gave a yield of 95% of a 
product which has a sequestering capacity (SC) of 1.4 mmol Ca/g. 
25 A similar experiment with 120 g of starch gave a product having an SC of 1 .6 mmol Ca/g. 

Known processes normally result in a product having an SC of about 0.8-1.2 (M. Floor et al. a 
Starch/Starke 41, 348-354 (1989)). 



30 Claims 

1. Method for the preparation of polydicarboxysaccharides by oxidation of polysaccharides in the presence 
of a hypohalite as oxidising agent in a reaction medium, characterized in that the polysaccharides are 
oxidised in the presence of hypobromite and/or hypoiodite and a low oxidising agent concentration is 

35 maintained during the oxidation reaction. 

2. Method according to Claim 1 , characterized in that the low concentration of oxidising agent is maintained 
by adding the oxidising agent during the oxidation reaction. 

3. Method according to Claim 1 or 2, characterized in that the hypobromite or hypoiodite is formed in the 
reaction medium by oxidation of bromide or iodide. 

40 4. Method according to Claim 3, characterized in that 0.5-10 equivalents of bromide are used per 100 
theoretically required oxidation equivalents. 

5. Method according to Claim 3 or 4, characterized in that the bromide or iodide is oxidised with 
hypochlorite. 

6. Method according to Claim 3 or 4, characterized in that the bromide or iodide is oxidised electrochemi- 
45 cally. 

7. Method according to one of Claims 1-6, characterized in that a temperature of at least 35 C is 
maintained during at least a part of the oxidation reaction. 

8. Method according to one of Claims 1-7, characterized in that the polysaccharide used is a partially 
hydrolysed polysaccharide such as amylosedextrin or maitodextrin. 

so 9. Method for the preparation of polydicarboxysaccharides by oxidation of polysaccharides in the presence 
of a hypohalite, characterized in that a polysaccharide is oxidised to a slight extent preferably to the extent 
of 1-10% with respect to oxidation to poly dicarboxy saccharide, with an oxidising agent, the polysaccharide 
oxidised to a slight extent is then partially hydrolysed if necessary, preferably to a chain length of 10-100 
hexose units per mol, and the partially hydrolysed polysaccharide is then oxidised in accordance with one 

55 of Claims 1-8. 

10. Calcium-binding agent for use in detergents, comprising a polydicarboxysaccharide prepared according 
to one of Claims 1-9. 

11. Calcium-binding agent according to Claim 10, characterized in that It also comprises a zeolite. 
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12. Detergent comprising an effective amount of a calcium-binding agent according to Claim 10 or 11. 
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